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Abstract 

We calculate the one-loop supersymmetric QCD corrections to the width of 
the IT-boson. We find that these are of order ~ v'^j-^r^j, where Ms is the 

supersymmetry breaking scale and Y u ^ the tree level hadronic width for W + — ► ud. 
Due to the appearance of the suppression factor ~ these are at least two orders 
of magnitude smaller than the standard QCD corrections ~ ^jf^-ud ^-^d hence of 
the order of the two-loop electroweak effects. Therefore supersymmetric QCD 
corrections will only be of relevance once experiments reach that level of accuracy. 
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The second phase of the LEP (LEP2) collider has already started, and the first 
e + e~ — > W + W~ events have been collected. Studying for the very first time directly 
this process, one will have the opportunity to test the non-abelian character of the 
Standard Model (SM), through the precise measurements of the trilinear gauge boson 
couplings. In addition, it will be possible to measure precisely the mass and width of 
the jy-boson |]. Specifically the measurement of the W-width is of special interest, as 
it is used as an input parameter in many other processes. (It is understood that all the 
W production events are detected through the hadronic and/or (semi)leptonic decays of 
the W^-boson.) So it is very essential, both for theoretical and experimental reasons, to 
know as precise as possible the theoretical prediction for this parameter. 

The one-loop corrections to the W-width in the context of the Standard Model (SM) 
are already known 0, [|, and there has been also a calculation in the context of a two 
Higgs doublet model [[|. 

The possible existence of new physics of characteristic scale M new may affect the 
theoretical predictions for the W^-boson decay width. The magnitude of these effects is 
not a priori known without knowledge of the underlying theory[] and thus manifestation 
of new physics from a direct measurement of the H^-boson width is not possible. The 
corrections to the W^-boson observables which are induced by new physics are expected 
to be small, possibly smaller than the experimental precision of LEP2 which will be in 
the percent region. With increasing experimental accuracy in the future, the VT-boson 
observables may provide a laboratory for testing new physics and Supersymmetry is a 
prominent candidate. 

It is known that strong interaction effects yield the largest contribution, 0(A%), to 
the VF-width at the one-loop order. With the SM being promoted to a supersymmetric 
theory, the QCD sector is also supersymmetrized (SQCD) and new species which interact 
strongly affect the QCD predictions. Therefore it seems natural to calculate the SQCD 
corrections to the hadronic width of the W. The size of these corrections depends on 
the supersymmetry breaking scale Ms and is obviously negligible as Ms becomes large. 
However the existing experimental lower bounds on sparticle masses does not exclude 
values of Ms in the vicinity of the electroweak scale Ms — 0(iew Mw), in which case 
these effects may not be suppressed. 

In this Letter we undertake this problem and calculate the supersymmetric QCD 

corrections to the VT-boson width. We perform our calculations using the on-shell renor- 

1 It is known however that there are no oblique corrections from new physics in T(W — » ev), as 
pointed out in Ref. S. 
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Figure 1: Graphs which contribute to the one-loop supersymmetric QCD correc- 
tions to the P^-width. There are corrections to the Wud vertex (a) and corrections 
to the external quark propagators (b). 



malization scheme || [7| which has been extensively used in the SM calculations (see for 
instance Ref. |Q |9|). In order to study the SQCD corrections to the V^-boson hadronic 
width we need to calculate the corrections to Wud vertex as well as the wave function 
renormalizations to the external fermion propagators (see Fig. 1(a) and (b) respectively). 
In order to simplify our discussion we shall neglect mixings of the up Ul,u c l and down 
di,d c L left handed squarks of the first two generations since these mixings are propor- 
tional to the corresponding fermion masses and hence small. Therefore the above squark 
states are mass eigenstates in this approximation. 

By using the well known Passarino-Veltman functions |7|, [UJ B , B 1 , B[,C ,Ci,Cij 
etc., through which the two and three point functions are usually expressed^, we find for 
the Wud vertex correction of Fig. 1(a) 
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i K —)^=c F [(2C 24 ) M + 2M U (C 21 + C n - C 12 



C 23 ) M 2 
+ 2M d (C 23 + C 12 )M 3 }. 



(1) 



In the equation above the four basic amplitudes ^0,1,2,3 are as in Ref. ||, g is the weak 

2 

coupling constant and a s = where g s is the strong coupling constant. M Ujd are the 
masses of the u, d external quarks and the factor cp = 4/3 is the value of the quadratic 



2 In this article we follow the convention of Ref. 
functions. 



for the definition of the Passarino-Veltman 
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Casimir operator of the fundamental representation of the SU(3) symmetry group. The 
arguments of the CV,- functions appearing above are defined as follows: 

Qj = Qj (pi , -px - p 2 , M| , m\ L , m\ L ) . 

In this expression pi(— P2) is the momentum carried by the outgoing (incoming) u(d) 
quark. The ultraviolet infinity of the vertex correction is contained within the factor 
C24 of the amplitude M . This infinity is canceled by the vertex counterterm in the 
Lagrangian [[|, 

AL CT = (5Z L + 5ZY - 5Zf) JLw+u L rd L , (2) 

SZl = Zl — 1, where Z^ is the wave function renormalization constant of the left 
handed doublet (ul, g?l). There are no strong interaction contributions to the difference 
5Z^ — bZY so that only 5Zl needs be considered. For the down quark the on-shell 
renormalization condition is 

s down (p) p ^ d (r-M d r\ (3) 

where Sdown(P) denotes the down quark propagator. This fixes the wave function renor- 
malization constant of both left and right handed components of the down quark. By a 
straightforward calculation of the graph shown in Fig. 1(b), and using Eq. (|^), we find 
for 5Zl, which is needed for our calculation, 

6Zl = ( S } CF [Bl{Ml m & + Ml {Bl ' {Ml + Bl ' {Ml M ^ m k ))] 

= Tl d (M 2 d ). (4) 

Therefore the SQCD contribution of the vertex counterterm to the W + — > ud amplitude 
is 

AS = i-£=M (6Z L ), (5) 

with 5Zl as given above. 

Having fixed the the renormalization constant Zl it is convenient to choose the 
renormalization constant of the right handed up quark is such a way that the residues 
for the left and right handed propagators are equal (see for instance Ref. || |l Pfl). Thus 
we have for the up quark propagator 

S up (P) r ^z u (f-M d )-\ 
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Note that since left handed up (I3 = 1/2) and down (J 3 = —1/2) components belong to 
the same multiplet and Zl has already been fixed by Eq. (|) we cannot have z u = 1. 
The residue z u is finite and is given by 

z u = 1 + 5z n = 1 + c F (n u (M u 2 ) - n d (M d 2 )). (6) 

The U U (M^) appearing above is in form identical to IT^Mj) defined in Eq. @ with the 
replacements M d , , mjc — > M u , rriu L , m^ L ■ 

Since 5z u / 1 we have an additional contribution to the amplitude which stems from 
the wave function renormalization of the external up quark line; at the one-loop level 
this is given by 

= zc F ^=(U u (M" u )-U d (M" d ))M . (7) 

This completes our calculation of the SQCD corrections to the amplitude for W + — > ud. 

We now proceed to discussing the corrections to the hadronic width of the VT-boson. 
The one-loop hadronic width can be written as 

r« =r<2(i + *), (8) 

where T I is the tree level hadronic width for one family. In the limit of vanishing quark 
masses this is given by T^j = a w Mw/^- The SQCD corrections to 5 can be found from 
the amplitudes A\, Ai , A2 we have just calculated. It is found that 

5 sqcd = ^ CF[2C24 + Bi + IhLZlk ] + ^ (9) 

7T 2 

In order to avoid confusion we should say that S S Q CD accounts for only the supersymmet- 
ric corrections, that is those due to the exchange of gluinos and squarks. The functions 
C24, Bi, Ii U) d are as they appear in the definitions of the amplitudes Ai, A[,A2, while the 
ellipses denote terms proportional to the external quark masses. In the limit of vanishing 
quark masses^, S S ® CD can be cast in the following integral form 



5 SQCD = to. /* ^ 

37T JO JO 



(xml L + (l-x)M$)(xm} L + (l-x)M?) 
X n{ (M^y(y-l) + (ml-ml L )xy + (ml L -Ml)x + Ml)^- { j 
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Figure 2: The function F(a) and its derivative as described in the text. 



/From the form above we can easily get first estimates of the magnitude of the SQCD 
corrections as will be seen in the sequel. 

In order to simplify the discussion let us assume that m d - ~ Mg = Ms, where 

Ms sets the order of the supersymmetry breaking scale. In this case the expression above 
for S S Q CD is simplified, to become 

5 SQCD = ^±f 1 xdx f 1 dvln{ Ml | 

3tt k Jo V 1 M^y(y - 1) + Mj 1 

= ^F(M^/Ml). (11) 

Since M s > M w the function F(M^/M|) can be expanded in powers of a = \ /f r /.\ /;. 
The result of such an expansion is 

, . . Qj a a , , 

F(a ) = — + + + ... 12 

v ; 24 360 3360 v ; 

Keeping the first term of the expansion results in 

S-SQCD _ a s 1 

6 ~ tt 18 Ml ■ [l6) 

fiSQCD j g ver y we }} approximated by keeping only the leading term in the expansion of 
F as can be seen from Fig. 2 where both the function and its derivative are plotted. In 
3 The 0(M Uy d) terms give a negligible contribution and hence it is permissible to omit them. 
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fact the function F(a) is almost linear in the interval < a < 1 with almost constant 
derivative, justifying the linear approximation to F which led to the result above. Note 
the appearance of an extra suppression factor 1/18 in addition to the expected -jffi 
factor due to the decoupling of sparticles as we pass below the scale Ms- This situation 
persists also in other cases as for instance when the gluino is lighter than the squarks, 
i.e M~ n -C m~ j . In that case employing the fact that Am 2 = m 2 , — m~ <C rai 3 = 
Mj, since the difference of the masses squared of the ULidi squarks is of the order 
of the electroweak scaleQ, we get in an analogous way exactly the same result with 
the suppression factor 1/18 being replaced by 2/27. Our complete numerical analysis 
uses the full expression for § S Q CD and has actually covered the whole parameter space 
of the MSSM assuming universal boundary conditions for the squark masses at the 
unification point where the couplings merge. In all cases the SQCD corrections turned 
out to be of the order 0(5%) or less, instead of the expected ^-^r behaviour. 
If we compare this with 24 , which is the contribution of gluons to 5, we see that the 
appearance of gluinos and squarks has a negligible effect < O(10~ 2 )^- on the hadronic 
width of the VT-boson. Actually in the constrained MSSM with radiative symmetry 
breaking, these corrections turn out to be even smaller O(10~ 3 — 10~ 4 )^. Therefore 
super symmetric QCD corrections to the IV-boson width are at best of the order of the 
two-loop electroweak corrections and not of relevance to current experiments. 



Acknowledgements 

We want to thank James Stirling for a careful reading of this manuscript. This work was 
supported by the EU Human Capital and Mobility Programme, CHRX-CT93-0319. 



We assume universal boundary conditions for the squarks at the unification scale. 
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